P. rugulosa 5) and P. aphidis 6) , MEL-A is mostly produced and comprises more than 70% of the total MELs ( ). However, MEL-A has a drawback in handling of the aqueous solution due to its very low water-solubility, namely "hydrophilicity" 2) : this has partially limited practical application of MELs. The other known MELs, MEL-B and MEL-C, are deacetylated derivatives of MEL-A, and have a higher hydrophilicity and lower critical aggregation concentrations 13) . They seem highly advantageous for the use of emulsifiers, dispersants, and/or washing detergents. We thus focused our attention on the search for new types of MELs with higher hydrophilicity, aiming to facilitate a broad range of applications for them.
We have previously demonstrated that the structure of MEL produced from soybean oil is closely related to the taxonomical characteristics of a producer. For example, MEL-B and MEL-C are predominantly produced by P. tsukubaensis 14) and P. hubeiensis 15) , respectively ( ). As the results of systematical investigation, new species of the genus were expected to provide new types of MELs. During the course of our study, P. shanxiensis, a recently classified strain 16) , was found to secrete more hydrophilic glycolipids than the known MELs. Here we described for the first time the separation and detailed structural analysis of new MELs produced from soybean oil by the strain.
EXPERIMENTAL

1
All reagents and solvents were commercially available and were used as received.
2
Pseudozyma shanxiensis CBS10075 was obtained from the Centraalbureau voor Schimmelcultures, the Netherlands. Stock cultures were cultivated for 3 days at 25 on an agar medium containing 4% glucose, 0.3% NaNO 3 , 0.03% MgSO 4 , 0.03% KH 2 PO 4 , and 0.1% yeast extract. They were stored at 4 and renewed every 2 weeks.
3
The sequence of internal transcribed spacer 1 (ITS1), 5.8S rRNA gene, and internal transcribed spacer 1 (ITS2) of each yeast strains were obtained from DNA Data Base of Japan (DDBJ) (http://www.ddbj.nig.ac.jp) and were aligned using Clustal W software 17) . The phylogenetic tree was visualized by TreeView software (http://taxonomy. zoology.gla.ac.uk/rod/treeview.html).
4
The following standard procedure for the production of MEL by fermentation was adopted. Seed cultures were prepared by inoculating cells grown on slants into test
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5
P shanxiensis The produced glycolipids were extracted from the culture medium with an equal volume of ethyl acetate. The extracts were analyzed by thin-layer chromatography (TLC) on silica plates (Silica gel 60F; Wako) with a solvent system consisting of chloroform/methanol/7 M ammonia solution (65 : 15 : 2, by vol.). The compounds on the plates were located by charring at 110 for 5 min after spraying an anthrone/sulfuric acid reagent as previously reported 18) . The purified MEL fraction including MEL-A, -B, and -C prepared as reported previously 19) was used as a standard.
6
The quantification of the produced glycolipids was carried out by subjecting the above extracts to high-performance liquid chromatography (HPLC) on a silica gel column (Inertsil SIL 100A 5 mm, 4.6 250 mm; GL Science Inc., Japan) with a low temperature-evaporative light scattering detector (ELSD-LT; Shimadzu, Japan) using chloroform/methanol as the solvent system with a gradient flow control (from 100:0 to 0:100, vol/vol) at a flow rate of 1 mL/min 14) . The HPLC analysis was based on the standard curve using the purified MEL fraction prepared as reported previously 19) . All measurements reported here are calculated values from at least three independent experiments.
7
The above organic layer was separated and evaporated. The concentrated glycolipids were dissolved in chloroform and then purified by silica-gel (Wako-gel C-200) column chromatography using a gradient elution of chloroform/acetone (10:0 to 0:10, vol/vol) mixtures as solvent systems 18, 19) . The purified glycolipids were used in the following experiments. FT-IR spectrum of the purified glycolipids was recorded on a Perkin-Elmer Spectrum One spectrometer. IR: 3416 (u O-H), 2800-3000 (u C-H), 1741 (u C=O), 1460, 1370 (d C-H), 1226, 1173 (u C-O), 1049 cm -1 (u C-O-C).
8
Structure determination of the purified glycolipids was performed by 1 H-, 13 C-nuclear magnetic resonance (NMR) and two-dimensional NMR analysis, such as 1 H-1 H correlation spectroscopy (COSY), heteronuclear multiple quantum correlation (HMQC), and heteronuclear multiple bond correlation (HMBC) dissolved in methanol-d 4 using a Varian INOVA 400 (400 MHz). In the NMR study, the purified MEL-C was used as a reference.
The molecular weight of the purified glycolipids was measured by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF/MS) (Voyager-DE PRO) with an a-cyano-4-hydroxycinnamic acid matrix. The fatty acid profiles of the purified glycolipids were examined by gas chromatography-mass spectrometry (GC-MS) previously reported 5) : the methyl ester derivatives of fatty acids were prepared by mixing the above purified glycolipids (10 mg) with 5% HCl-methanol reagent (1 mL) (Tokyo Kasei Kogyo, Tokyo, Japan) at 80 for 20 min. After the reaction was quenched with water (1 mL), the methyl ester derivatives were extracted with n-hexane and then analyzed by GC-MS (Hewlett Packard 6890 and 5973N) with a TC-WAX (GL-science, Tokyo) with the temperature programmed from 90 (held for 3 min) to 240 at 5 /min.
RESULTS AND DISCUSSION
1
P shanxiensis Based on our previous study, a yeast strain of Pseudozyma sp. KM-59 is very closely related to P. hubeiensis on the phylogenetic tree ( ), and produces efficiently MEL-C, which is more hydrophilic than MEL-A and MEL-B 15) . We thus investigated the production of MEL by several strains taxonomically related to P. hubeiensis, aiming to obtain more hydrophilic MELs compared to known MELs.
In the course of MEL production by the strains, P. shanxiensis, a recently classified strain 16) , was found to secrete unknown glycolipids from 4% (wt/vol) soybean oil under the culture conditions employed. On TLC, the glycolipids (designated Ps-GL) showed lower Rf values compared to MEL-A, -B, and -C ( ). The glycolipids were extracted from the culture medium, and purified by the column chromatography. The fraction of Ps-GL was eluted mainly with chloroform/acetone (2 : 8, vol/vol). Accordingly, 81.6 mg of Ps-GL was obtained from 30 mL of the culture medium; this corresponded to the production yield of 2.72 g/L. The purified glycolipids were then subjected to the following structural analysis. However, when paying attention to fatty ester domains at around 0.8-2.5 ppm in 1 H-NMR spectrum of Ps-GL, it had distinctly different peak patterns from those of known MEL-C. There were two sharp peaks at 2.02 and 2.13 ppm which were derived from an acetyl group. The former one was assigned as the acetyl group at C-4 position, but the latter one was at unknown position, not at C-6 position. In addition, when carefully observing it, broad peaks at 0.8-1.1 ppm (-CH 3 ) and at 1.5-1.8 ppm (-CH 3 CH 2 CO-) were clearly distinguished by two peaks which consisted of a sharp one (peak b and d) and a wide one (a and c), respectively. We tried to confirm the structure further in detail by twodimensional NMR analyses.
In HMBC spectrum of Ps-GL (data not shown), H-2 proton correlated with two carbonyl carbons (C = O) at 170.9 and 173.5 ppm. They were assigned as the unknown acetyl group described above and a fatty ester group, respective-
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Fig. 4
1 H NMR Spectra of Glycolipids.
a) Ps-GL, which were purified from the extracellular products produced by P. shanxiensis from soybean oil, and; b) MEL-C, which was purified from MELs produced by P. antarctica from soybean oil.
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ly. Ps-GL were thus likely to have an acetyl or a fatty ester group at C-2 position of the mannose moiety, and clearly different from known MEL-C, which has a medium-chain fatty ester (C 10 to C 14 ) at the position. In 1 H-1 H COSY spectrum of Ps-GL ( ), peak a correlated with the broad peak at 1.2-1.4 ppm, which was derived from methylene protons (-CH 2 -). But the triplet peak b correlated with sextet peak d. In addition, peak d also correlated with the peak at 2.4 ppm, which was derived from the proton next to the carbonyl group (-CH 2 CO-) esterified at C-2 position of the mannose moiety. Meanwhile, peak c correlated with the peak at 2.2 ppm (-CH 2 CO-at C-3 position) and the broad peak at 1.2-1.4 ppm (-CH 2 -).
From these results, we concluded that Ps-GL have a fatty ester at C-3 position and an acetyl or a butanoyl group at C-2 position in the structure ( ). The chemical shifts of Ps-GL are summarized in . The relative proportions of acetyl and butanoyl groups were estimated 53 : 47 by 1 H NMR spectrum. It is generally very difficult to separate these two species by only silica-gel column chromatography. However, the mixture of these two species would practically provide no disadvantages, considering that many of biosurfactants show relatively excellent interfacial properties without any complicated purification steps 1) . As mentioned above, Ps-GL have a much shorter chain (C 2 or C 4 ) at C-2 position of the mannose moiety compared to known MEL-C. This instantly means that the new MELs show higher hydrophilicity and/or water-solubility than any other MELs hitherto reported.
We further investigated the fatty acid profiles of Ps-GL. The fatty acids in Ps-GL were mainly composed of C 16 acids, while those in MEL-C produced by P. antarctica were of C 10 acids ( ). The molecular weight of Ps-GL was 629.7 or 657.8 determined by the main peak ([M +Na] + ) on MALDI-TOF/MS analysis; this is well consistent with the above structure.
On known MELs, namely MEL-A, -B and -C, the hydrophilic sugar part is acetylated at C-4 and/or C-6 position, and each derivative shows specific phase behavior in aqueous solutions 13, [20] [21] [22] . For instance, MEL-A spontaneously forms an L 3 (sponge) phase at low concentrations, while MEL-B forms an L a (lamellar) phase. Only a slight difference on the hydrophilic structure is likely to give a dramatic effect on the phase behavior as well as self-assembling manner, which leads to practical surfactant characteristics. As we expected from the taxonomical characteristics, P. shanxiensis was found to produce new types of MELs with a unique hydrophilic structure. The present MELs would thus show not only higher hydrophilicity but also different self-assembling manners compared to conventional MELs.
Recently, several yeast strains, which are different from the above high-level MEL producers such as P. antarctica, P. aphidis and P. rugulosa, were reported to produce different MELs other than MEL-A. Candida sp. SY-16 23, 24) , Kurtzmanomyces sp. I-11 25) , and P. tsukubaensis 14) pre-
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dominantly produced MEL-B, while the strain related to P. hubeiensis produces MEL-C 15) . However, there has been no report on the production of MEL different from the above MELs. The present yeast strain, P. shanxiensis, is thus likely to be an extremely specific MEL producer. MEL production produced by other strains, which are closely related to P. shanxiensis on the phylogenetic tree, is now in progress and will be reported elsewhere.
CONCLUSION
In this study, we demonstrated that P. shanxiensis produces new extracellular glycolipids. The glycolipids (Ps-GL) showed lower Rf values (higher hydrophilicity) compared to conventional MELs (MEL-A, B, and C) on TLC. ). The new MELs would be expected the expression of interesting functions, because they had significantly different hydrophilic structure compared to all known MELs.
The development of novel BS producers would contribute to the improvement in productivity and structural variation of BS. Consequently, they would make a broad range of BS applications possible. Further investigations on the discovery of new producers of BS and the characterization are underway. 
